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Abstract
The identification of expressed genes involved in sexual precocity of the mitten crab (Eriocheir sinensis) is critical for
abetterunderstandingofitsreproductivedevelopment.Tothisend,weconstructedacDNAlibraryfromtherapidde-
velopmental stage of testis of E. sinensis and sequenced 3,388 randomly picked clones. After processing, 2,990
high-quality expressed sequence tags (ESTs) were clustered into 2,415 unigenes including 307 contigs and 2,108
singlets, which were then compared to the NCBI non-redundant (nr) protein and nucleotide (nt) database for annota-
tion with Blastx and Blastn, respectively. After further analysis, 922 unigenes were obtained with concrete annota-
tions and 30 unigenes were found to have functions possibly related to the process of reproduction in male crabs –
six transcripts relevant to spermatogenesis (especially Cyclin K and RecA homolog DMC1), two transcripts involved
in nuclear protein transformation, two heat-shock protein genes, eleven transcription factor genes (a series of
zinc-finger proteins), and nine cytoskeleton protein-related genes. Our results, besides providing valuable informa-
tion related to crustacean reproduction, can also serve as a base for future studies of reproductive and developmen-
tal biology.
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The mitten crab (Eriocheir sinensis) (Henri Milne
Edwards, 1854) is one of the most important aquaculture
species in China, its culture under facility conditions hav-
ing started in the early 1980’s (Li et al., 2007). The annual
output has increased during the past decade in China, from
200,000 tons in the year 2000 to 420,000 tons in 2004
(Chen et al., 2007). With the development of intensive cul-
ture, various problems have appeared in cultured popula-
tions, amongst others, sexual precocity. More and more
individual crabs mature when small-sized. After sexual
maturation, energy and nutrients are mainly diverted into
gonad maturation or reproduction, with little left over for
somatic growth, with the consequential devaluation of the
commercial product and economic losses.
Previous studies (Chen et al., 2003; Zhao and Lu,
2003; Li et al., 2005) have revealed two main external fac-
torsasleadingtosexualprecocityincrabs,theenvironment
and food Nevertheless, few scientific investigations have
been dedicated to elucidating the internal factors inducing
sexual precocity. Furthermore, the regulative mechanisms
ofgonadmaturationinE.sinensisatthemolecularlevelare
unknown. The initial steps towards an understanding of
molecular mechanism of gonad maturation in E. sinensis
should be the identification of the respective reproduc-
tion-related gonadal transcripts (Klinbunga et al., 2006;
Preechaphol et al., 2007). The animal testis is functionally
important, both in reproduction and the secretion of hor-
mones for growth and developmental regulation. The un-
derstanding of the molecular mechanism underlying testis
development in the mitten crab is crucial to control testis
maturation. Consequently, it is essential to discover repro-
duction-related transcripts in a testis cDNA library of E.
sinensis, in order to reveal the corresponding molecular
mechanisms of testis maturation and spermatogenesis.
Expressed sequence tag (EST) analysis is a powerful
approach for discovering new transcripts and analyzing
gene expression profiles in specific tissues or cells (Gieser
and Swaroop, 1992; Tassanakajon et al., 2006; Gai et al.,
2009;Houetal.,2010).Suchanapproachcouldbeofaidin
understanding the biological functions of testis tissues at
the transcriptome level. The main objectives of the present
study were (1) to discover transcripts potentially related to
reproduction and development in E. sinensis by construct-
ingatestiscDNAlibraryandthroughESTanalysis,and(2)
to sequence the library in order to provide useful, pertinent
genomic information.
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www.sbg.org.brHealthy male mitten crabs (100-120 g) in the early
stages of reproduction – the period of rapid testis develop-
ment – were obtained from a commercial crab farm near
Shanghai, China in August. The crabs were placed in an
ice-bath for 1-2 min until they were lightly anesthetized.
Through dissection, all the testes were collected and imme-
diately frozen in liquid nitrogen and stored at 80 °C for fu-
ture use.
Total RNA was isolated with a Unizol Reagent
(Biostar, Shanghai, China) and mRNA purified by using
Oligotex mRNA Kits (Qiagen). First-strand and double-
strandcDNAweresynthesizedseparatelybywayofSuper-
scriptreversetranscriptase(Invitrogen)andDNApolymer-
ase I (Promega). First-strand synthesis was carried out
separately with oligo-dT (with XhoI-linker sequence) and
random primers (50 M) in equal amounts. In the case of
oligo-dT-primedcDNA,thesecondstrandwassynthesized
and linked to an EcoRI-linker. Products of second-strand
synthesis were separated on a 1% agarose gel, and cDNAs
longer than 500 bp were isolated and extracted. Size frac-
tions of cDNA were then ligated into a pBluescript SK+
vector (Stratagene) using T4 DNA ligase (Promega).
Plasmids were transformed into Escherichia coli (DH10B)
cells (Invitrogen), and grown overnight on solid LB me-
dium containing IPTG (200 mg/mL) and X-Gal
(20 mg/mL). Colony selection was based on blue/white
(LacZ) staining. Finally, over 3,000 individual clones were
randomly picked from the library and sequenced from the
5’ end by using a T3 universal sequencing primer.The
dideoxy-dye-terminator method was used for capillary se-
quencing on a 3730 XL system (Applied Biosystems).
Phred analysis (Ewing et al., 1998) was applied for
determining DNA bases. Low quality sequences were
omitted from further analysis. Cross-match was used to re-
move vectors and E. coli DNA sequences from insert
sequences, and all sequences shorter than 100 bp were re-
moved by way of scripts programmed in Perl language.
High-qualityESTswereassembledintocontigsusingPhrap
software. All the unigenes were compared against the
GenBank (NCBI) non-redundant protein (nr) and nucleo-
tide (nr/nt) databases through Blastx and Blastn, respec-
tively (E-value < 1.010
-5). By analyzing all unigenes for
their functional characteristics using Gene Ontology (GO)
(Harris et al., 2004), we annotated the unigenes by search-
ing (Blastx) the updated Universal Protein Resource
(Uniprot) database. The sum of unigenes within the subcat-
egories of every major category may exceed 100% because
some transcripts were classified into more than one subcat-
egory in each of the three major categories. Furthermore,
all unigenes with particular annotations were matched to
the Kyoto Encyclopedia of Genes and Genomes (KEGG)
online, in order to forecast their functions and biochemical
pathways.
3,388 clones were randomly picked from the library
and sequenced from the 5’end. 2,990 high-quality ESTs
were longer than 100 bp, with an average length of 598 bp.
Of these (GenBank Accession no. GE339624-GE342613),
882 (29.5%) were clustered into 307 contigs, while 2,108
(70.5%)remainedsinglets(Table1).Ofthe2,415unigenes
(307 contigs and 2,108 singlets), 922 were annotated by
comparison with the NCBI nr and nt database. The remain-
ing 1,493 were not definitively identified.
By GO comparison of gene expression profiles of
mitten crab testis tissue, and based on three functional cate-
gories (Figure 1), 455 unigenes of the total 2,415 (38.8%)
were categorized. Within the category “Biological pro-
cess”, the subcategories “cellular metabolic process”, “pri-
mary metabolic process” and “macromolecule metabolic
process” contained the highest number of unigenes, fol-
lowed by several metabolisms related to testis cell-cycle.
Our analyses indicated that mitten crab testis cells are rap-
idly growing and undergo active metabolism, consistent
with the energy requirements of spermatogenesis. The in-
depth analysis of GO results revealed that most cDNA li-
brary unigenesweredistributedamongthosesubcategories
encompassing growth and development and originating
from the functional categories of “Molecular function” and
“Biological process”; as well as the subcategories “bind-
ing”, “catalytic activity”, “biological regulation”, and “de-
velopmental process”, all of which representing cell-divi-
sion and cell-death.
According to KEGG results, 314 unigenes were as-
signed to specific pathways, with 35.2% functioning in ba-
sic-metabolism processes, such as specific carbohydrate,
energy, amino acid and nucleotide metabolisms. The re-
mainder was involved in genetic information processing
(36.3%), environmental information processing (8.9%),
and cellular processes (15.3%), respectively.
In accordance with the purpose of the project, we
wereparticularlyinterestedindiscoveringtranscriptsinthe
reproduction process. According to our annotations, of all
the 2,415 unigenes, 30 were found to have significant func-
tions during the processes of spermatogenesis and sexual
maturity. Based on previously published reports, these uni-
genes, comprising 101 ESTs, are identified as being func-
tionally involved in these processes in crabs. According to
Zhang et al. 137
Table 1 - Overview of EST analysis of the testis cDNA library from
Eriocheir sinensis.
Description Number
Number of total sequences 3,388
Number of success sequences 2,990
Average length of success sequences (bp) 578
Number of Unigenes 2,415
Number of contigs 307
Number of singlets 2,108
Number of matched genes (%) 922 (38.2%)
Number of unmatched genes (%) 1493 (61.8%)their predicted functions, they were classified into five
broad groups (Table 2).
Several transcripts related to spermatogenesis were
identified in the library. There was a seminal plasma glyco-
protein 120 in the testis cDNA library, the first time such a
seminal plasma glycoprotein has been found in mitten
crabs. Seminal plasma is a very complex fluid rich in many
types of macromolecules involved in fertilization. Seminal
plasma glycoprotein 120 may play a key role in mitten crab
sperm capacitation. From the testis cDNA library, seven
ESTs were annotated as related to ubiquitin. Ubiquitin is a
small, highly-conserved regulatory protein, that is ubiqui-
touslyexpressedineukaryotes,itsmostprominentfunction
being to label proteins for proteasomal degradation (Cook
and Petrucelli, 2009). There were three heat-shock protein
genes in the library from E. sinensis, including two heat-
shock protein 70 and one heat-shock cognate protein 70.
Hsp-70 has the characteristic of regulating initial meiosis.
In mice the Hsc70 gene is activated at the round spermatid
stage, and regulated at both the transcriptional and trans-
lational levels during spermatogenesis (Matsumoto et al.,
1993). A total of nine transcripts were associated with
Cytoskeleton Protein, which belong to a cytoskeleton gene
family. These are reported to be involved in the spermato-
genesis process in mice (Alsheimer and Benavente, 1996).
In the library, two unigenes encoding -actin and -tubulin
were identified. It has been reported that transcripts of the
-actingenearemoreabundantinroundspermatidsthanin
pachytene spermatocytes, whereas those of the -tubulin
gene are widely distributed in testis germ cells, where their
abundance influences the occurrence of spermatozoa ab-
normality (Hecht et al., 1984). In the testis cDNA library,
eleven unigenes encoding zinc finger proteins were identi-
fied. The identification of Zfp37 genes suggests that ZF
genesaregenerallyinvolvedinthecomplexpathwaysfrom
round spermatids to spermatozoa in mitten crab. Further-
more,itisalsothefirsttimeZfp37geneshavebeenfoundto
participateintheprocessesofspermatogenesisandsexma-
turity in crustaceans (Sepp and Choo, 2005; Cho et al.,
2008), although their specific function in sperm develop-
ment needs to be further examined.
The unigene annotated to the Histone H1 gene, com-
prising39ESTs,isoneofthemostabundantlyexpressedin
thetestis.Therepresentativecharacteristicofthespermato-
genesis process is the gradual replacement from histone in
somatocytes to testis-specific protein in spermatogonia
(Meistrichetal.,1985;Thomasetal.,1989).Therefore,the
observation of a highly expressed Histone H1 gene is
tgakentomeanthatourcrabswereinanearlyphaseofsex-
ual maturity. Furthermore, four ESTs constructed one Ar-
ginine kinase unigene in the testis cDNA library. Arginine
kinase is a member of what appears to be a highly con-
served family of phosphotransferases that reversibly cata-
lyze the transfer of phosphate from phosphoarginine to
ADP (Wu et al., 2008). Cyclin K is one kind of cyclin
which participates in controlling the cell cycle by binding
to Ser/Thr cyclin-dependent kinases, thereby regulating
their activities (Yu et al., 2008). The coordination between
cell proliferation and differentiation is important in normal
development.Theseprocessesusuallyhaveanantagonistic
relationship, in that differentiation is blocked in prolifera-
tive cells, and terminally differentiated cells do not divide.
In some instances, cyclins, cyclin-dependent kinases and
theirinhibitorsplayimportantrolesinthisantagonisticreg-
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Figure 1 - Functional annotation of unigenes based on known proteins in the Uniprot database. Gene Ontology (GO) terms at the 2nd level were plotted
here, and in this ontology, “Biological process”, “Cellular component”, and “Molecular function” are categorized independently.ulation (Chang et al., 2007; Karagiannis and Balasubra-
manian, 2007). A cyclin K transcript, possibly involved in
spermatogenesis, was identified in the library, as well as a
Vasa-like protein which encodes an RNA helicase protein
member of the DEAD-box family and plays a key role in
spermatozoa formation, from bacteria to mammals (Ye et
al., 2007). Most DEAD-box proteins are essential for cell
viability (Irion and Leptin, 1999). Vasa proteins are
involved in gamete production as it is essential to the as-
sembly of germ cell cytoplasm in many invertebrate and
vertebrate species (Sellars et al., 2007). A unique RecA
homologDMC1gene,aspecificallyexpressedgeneinmei-
osis and involved in spermatogenesis, was also discovered
inthetestiscDNAlibrary.Theproteinencodedbythisgene
is essential for meiotic homologous recombination, and
plays an important role in generating diverse genetic infor-
mation (Sato et al., 1995; Matsuda et al., 1996). A unique
RecA homolog DMC1 may be involved in mitten crab
spermatogenesis, by playing catalytic and structural roles
in interhomolog recombination during meiosis. In our pro-
ject, considerable efforts were made to annotate genes, es-
pecially those related to reproduction, thus effectively
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Table 2 - Reproduction-related genes in the testis cDNA library from Eriocheir sinensis.
Annotation Matched species Number of ESTs E-value
Spermatogenesis related genes
Seminal plasma glycoprotein 120 Danio rerio 1 2.00E-07
Arginine kinase Eriocheir sinensis 4 7.00E-77
Cyclin K Apis mellifera 1 5.00E-45
Ubiquitin Portunus pelagicus 7 2.00E-67
Vasa-like protein Litopenaeus vannamei 1 7.00E-25
RecA homolog DMC1 Pacifastacus leniusculus 3 6.00E-89
Nuclear protein transformation related-genes
Histone H1 Mytilus galloprovincialis 39 6.00E-16
Histone H2A-IV Trichomonas vaginalis 1 1.00E-17
Heat shock protein genes
Heat shock protein 70 Pachygrapsus marmoratus 2 3.00E-96
Heat-shock cognate protein 70 Bombyx mori 1 2.00E-74
Transcription factor related genes
Zinc finger protein Strongylocentrotus purpuratus 1 1.00E-39
Zinc finger protein 160 Xenopus tropicalis 1 1.00E-21
Zinc finger protein 219 Macaca mulatta 1 1.00E-13
Zinc finger protein 33A Macaca mulatta 1 4.00E-08
Zinc finger protein 33B Macaca mulatta 1 3.00E-19
Zinc finger protein 36-like 3 Macaca mulatta 1 3.00E-21
Zinc finger protein 37a Equus caballus 1 6.00E-42
Zinc finger protein 51 Rattus norvegicus 1 6.00E-13
Zinc finger protein 561 Macaca mulatta 1 1.00E-18
Zinc finger protein 658 Canis familiaris 1 1.00E-27
Zinc finger RNA binding protein Apis mellifera 1 3.00E-36
Cytoskeleton protein genes
Actin D Litopenaeus vannamei 3 1.00E-126
Beta actin Pacifastacus leniusculus 3 3.00E-71
Cytoplasmic actin A3a1 Homalodisca coagulata 1 4.00E-71
Alpha tubulin a1 Mesenchytraeus solifugus 1 4.00E-75
Alpha-Tubulin at 84B Xenopus laevis 1 3.00E-97
Tubulin beta-1 chain Homarus americanus 30
Tubulin beta-2 chain Homarus americanus 3 1E-146
Tubulin alpha-3 chain Homarus americanus 14 1.00E-139
Beta tubulin Phytophthora capsici 1 1.00E-21increasing the repertoire of crustacean genes en route of
genomic studies.
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